A pulmonary embolism is an obstruction of part of the pulmonary vascular tree, usually caused by a thrombus that has travelled from a distant site-for example, the deep veins in the leg. The annual incidence is 60-70 per 100 000 1 w1 ; it is a common cause of breathlessness and pleuritic pain.
guidelines from the British Thoracic Society do not advocate routine screening for inheritable thrombophilias, 11 as the number needed to test to prevent an episode of venous thromboembolism would be very high. Screening is warranted in some clinical situations (box 2).
Occult cancer will be present in 7-12% of patients presenting with idiopathic venous thromboembolism. 12 Screening for malignancy in such patients is not currently recommended, unless it is suspected clinically. These patients are more likely to have a poor prognosis, because of regional spread or distant metastases at diagnosis. The SOMIT study showed that a screening programme can lead to earlier identification of malignancy, and at an earlier stage of the disease, in most patients presenting with venous thromboembolism. 13 Whether this has an impact on survival or is cost effective has not been determined.
Rare causes of pulmonary embolism
Pulmonary embolism can have some rare causes.
x Air embolism occurs with neck vein cannulation, bronchial trauma, and intrauterine manipulation (all rare). Small amounts of air can be tolerated, but large amounts lodge in the pulmonary vasculature, causing mechanical obstruction and death.
x Amniotic fluid embolism is usually catastrophic: 80% of women die, 20-50% of these in the first hour. w6 An anaphylactic-type response to amniotic fluid entering the circulation is seen. It typically presents with respira-tory distress and cardiovascular collapse. Treatment is supportive.
x Fat embolism occurs in association with fractures of the long bones, with fat droplets from the bone marrow released into the venous circulation. It presents with hypoxia and coagulopathy (a transient petechial rash may be seen) and neurological disturbance. Fat globules can be identified in the urine. Treatment is supportive. w7
Diagnosing pulmonary embolism

History and symptoms
The prevalence of pulmonary embolism in people in whom the diagnosis is suspected is only about 10%. w8 No symptoms or signs are diagnostic. Dyspnoea and tachypnoea (a respiratory rate > 20/minute) are the commonest presenting features. The haemodynamic effects of a pulmonary embolus depend on the area of the pulmonary vascular tree obstructed and the pre-existing state of the myocardium and pulmonary parenchyma.
Hypoxia results from reduced cardiac output, low mixed venous PO 2 , and higher perfusion to the remaining alveoli, leading to mismatching of ventilation and perfusion (V/Q) in the unaffected lung. The hypoxia is greater in those with a larger, premorbid V/Q spread-for example, in patients with pre-existing lung disease. It is therefore possible for a young healthy person to have a normal PaO 2 and a normal alveolararterial (A-a) gradient after a pulmonary embolism.
Chronic thromboembolic disease typically presents with an insidious onset of breathlessness over weeks to months, owing to the increasing load of recurrent small volume clots.
Acute pulmonary embolism typically presents in four main ways (box 3).
Examination
Examination findings include the following.
x Findings may be completely normal; but tachycardia (with a loud pulmonary component to the second heart sound and splitting of the second heart sound), with tachypnoea are common.
x The patient may present with atrial fibrillation, reduced chest movement (because of pain), or a pleural rub.
Computed tomographic pulmonary angiogram showing pulmonary emboli. The patient, an 85 year old woman, presented with sudden onset breathlessness and pleuritic pain, three weeks after surgery for a fractured neck of femur. She received anticoagulation treatment with warfarin and made a full recovery
Box 1: Risk factors for venous thromboembolism
Major risk factors for venous thromboembolism 6 
Box 2: When to test for thrombophilia
Patients aged under 50 with recurrent idiopathic pulmonary embolism (those with more than one episode of proved venous thromboembolism, in whom no cause can be identified). Fifty per cent of these patients will have an identifiable thrombophilia.
Patients with a strong family history, where symptomatic venous thromboembolism has been proven in several family members in more than one generation.
Box 3: Presentation of acute pulmonary embolism
• Circulatory collapse in a previously well patient (5%): hypotension, which can be accompanied by loss of consciousness. This is usually due to massive pulmonary embolism causing acute right heart failure • Pulmonary infarction syndrome (60%): typically presents with pleuritic pain, with or without haemoptysis. Localising signs such as a pleural rub may also be present • Isolated dyspnoea (25%): acute breathlessness without haemorrhage or circulatory collapse. This typically presents with sudden onset breathlessness in the presence of risk factors for pulmonary embolism • Collapse, poor reserve (10%): usually in an elderly patient with limited cardiorespiratory reserve; a small pulmonary embolism can be catastrophic Practice x Hypoxia is common, but in young otherwise healthy individuals the oxygen saturation may be normal.
x Signs of a deep vein thrombosis are present in about 25% of patients.
Investigations
The diagnosis of acute pulmonary embolism includes a pre-test clinical probability score (box 4) and several investigations. The pre-test clinical probability score is an assessment of the clinical likelihood of pulmonary embolism, based on numerous clinical and risk factor markers. Several scoring systems exist; my example is from the guidelines of the British Thoracic Society for the management of suspected acute pulmonary embolism. 11 The pre-test clinical probability score should always be used with a d−dimer test. A low or intermediate pretest clinical probability score, combined with a negative d−dimer result, has a 92% sensitivity at excluding pulmonary embolism. Experienced clinicians and their clinical instinct are as accurate as the pre-test clinical probability score in assessing the likelihood of pulmonary embolism. 14 The diagnosis can be difficult in pregnancy. The standard pre-test clinical probability score should be used, recognising that pregnancy is a major risk factor for venous thromboembolism. The d−dimer test is of no use, as the value is raised (in the absence of pulmonary embolism) from about six weeks' gestation and remains raised until about three months after the birth. A chest radiograph is mandatory and should not be delayed because of concerns regarding radiation to the fetus, since computed tomographic pulmonary angiogram (CTPA) and V/Q scanning carry a greater risk of radiation. A Q scan is probably the safest for the mother and fetus. The risk of delayed or non-diagnosis may pose a greater threat to the mother and unborn child.
First line investigations
x Electrocardiogram-Non-specific changes are common; sinus tachycardia is commonest. Atrial fibrillation, right bundle branch block, anterior T wave inversion (indicating right ventricular strain) are common. The S 1 Q 3 T 3 pattern (where the electrocardiogram shows an S wave in V1, a Q wave in lead III, and T wave inversion in lead III) is uncommon.
x Chest radiograph-No specific features are characteristics in pulmonary embolism. Small effusions are present in 40% of patients.
x Arterial blood gas measurements may be normal. Hypoxia and hypocapnia, with an increased A-a gradient, is common.
x D-dimer test-This is useful only in excluding pulmonary embolism and should be used only with the pretest clinical probability assessment. d−dimers are released as a result of fibrinolysis and indicate the presence of intravascular thrombus.
A negative d-dimer test result reliably excludes pulmonary embolism in patients with a low pre-test clinical probability, who then do not need further investigation. A negative test is unhelpful in patients with a high clinical probability (and should therefore not be done in this situation). The clinical utility of d-dimer testing in excluding venous thromboembolism depends on the sensitivity of the assay used. w9 A positive result or intermediate or high pre-test probability needs further investigation. The d-dimer test becomes less useful the longer a patient has been in hospital (false positives), because of clot formation at venepuncture sites and venous stasis owing to bed rest.
x Computed tomographic pulmonary angiogram-Now recommended as the initial imaging technique in suspected non-massive pulmonary embolism. It has a sensitivity of more than 95% and enables an alternative diagnosis to be made if pulmonary embolism is excluded.
x Isotope lung scan (ventilation/perfusion (V/Q) scan)-This is mostly now superseded by the computed tomographic angiogram. It may be useful as a first line imaging investigation only in patients with a normal chest radiograph and with no concurrent cardiopulmonary disease.
Scans are reported as low, intermediate or high probability, and the report's meaning must be interpreted in light of the pre-test clinical probability score. Further imaging (usually a computed tomographic pulmonary angiogram) is necessary for patients in whom the scan is indeterminate or lung scan and clinical probability are discordant.
Second line investigations
x Leg ultrasound scan-Up to 50% of patients with a clinically obvious deep vein thrombosis will have a high probability V/Q scan, and conversely around 70% of patients with proved pulmonary embolism will have a proximal deep vein thrombosis.
x Conventional pulmonary angiogram-This investigation is needed very rarely and is performed in specialist centres only.
x Computed tomographic venography-This investigation can be combined with computed tomographic pulmonary angiogram to image the leg veins simultaneously.
x Echocardiogram-This investigation is diagnostic only in massive pulmonary embolism but can also give prognostic information. How should pulmonary embolism be treated?
Box 4: Assessment of pre-test clinical probability
Supportive treatment
Supportive treatment is vital for all patients with suspected pulmonary embolism; oxygenation and an adequate circulation need to be maintained.
Anticoagulation
Treatment with low molecular weight heparin should be started in patients with a high or intermediate pretest clinical probability score before imaging. One randomised controlled trial has shown no difference between low molecular weight heparin (tinzaparin) and unfractionated heparin (such as intravenous heparin) in mortality or further episodes of venous thromboembolism in a group of 612 patients with symptomatic pulmonary embolism. 15 A similar study in patients (n = 200) with a proximal deep vein thrombosis and no clinical symptoms of pulmonary embolism, but a high probability V/Q scan, showed a lower rate of recurrent venous thromboembolism in patients treated with a fixed dose of low molecular weight heparin once daily (0 out of 97) than in those treated with intravenous heparin (7/103; P = 0.01). 16 Bleeding complications did not differ between the two treatment groups, but the study was underpowered to detect a clinically important difference. Oral anticoagulation should be started once a pulmonary embolism has been proved. A small randomised controlled trial (n = 35) compared heparin and warfarin with no anticoagulation. 17 No one died in the group receiving anticoagulation treatment (0/16), but mortality reached 26% (5/19) in the group treated conservatively. This gives a number needed to treat of 4 (95% confidence interval 2 to 16).
An international normalised ratio (INR) of 2.0-3.0 should be aimed for. No randomised controlled trials exist to guide the intensity of anticoagulation, and this has been extrapolated from randomised controlled trials in deep vein thrombosis. Higher bleeding rates are seen with higher INRs (3.0-4.5), and recurrence rates are not much different with lower INRs (for example, 2.0-3.0).
Two trials-the prevention of recurrent venous thromboembolism (PREVENT) trial 18 and the extended low intensity anticoagulation for thromboembolism (ELATE) trial 19 -have been undertaken to evaluate the efficacy and safety of low-intensity warfarin (INR 2.5) after a first episode of venous thromboembolism. Both trials showed that low intensity warfarin offers substantial protection against recurrent venous thromboembolism, but only the ELATE trial included a standard intensity arm. No consensus exists on which patients with venous thromboembolism should be treated with low dose, long term warfarin; one of the difficulties is in identifying which patients will have a future thromboembolic event.
Usual length of treatment is three or six months for a first idiopathic pulmonary embolism. No guidelines exist for length of treatment for recurrent idiopathic pulmonary embolism; this depends on the individual, the risk of recurrence, and the risk of bleeding on warfarin. 20 Lifelong anticoagulation may be recommended for patients with persisting risk factors.
The CLOT study assessed anticoagulation with warfarin or low molecular weight heparin (dalteparin) in patients with cancer and acute venous thromboembolism. 21 The study showed that six months' treatment with dalteparin was more effective than six months of oral anticoagulation in reducing the risk of recurrent thromboembolism, without an increased risk of bleeding.
Warfarin is contraindicated in pregnancy; low molecular weight heparin should be used instead.
Ximelagatran is a new oral direct thrombin inhibitor that does not need anticoagulation monitoring. It has a wide therapeutic range but deranges liver function in up to 6% of patients, and therefore needs monitoring of liver function tests. It is now licensed in some European countries for venous thromboembolism prophylaxis, but not yet in the UK or United States. 22 Flight prophylaxis-Current British guidelines suggest considering aspirin or low molecular weight heparin, or formal anticoagulation, for people at high risk of pulmonary embolism (people with previous venous thromboembolism or malignancy). 11 Limited evidence supports this.
Thrombolysis-Current guidelines from the British Thoracic Society recommend thrombolysis for acute massive pulmonary embolism 11 -that is, pulmonary embolism causing cardiovascular collapse. In practice, this is given in the situation of imminent cardiorespiratory arrest. An intravenous bolus injection of 50 mg of alteplase is suggested. For submassive pulmonary embolism, the treatment is more controversial; some evidence now supports the use of thrombolysis for haemodynamically stable, submassive pulmonary embolism, in association with pulmonary hypertension or right ventricular dysfunction. The dose of alteplase recommended is 100 mg, given intravenously over 90 minutes. 23 A very small number of patients with recurrent venous thromboembolism despite adequate anticoagulation may benefit from having a filter placed in the inferior vena cava. This may also be indicated in patients who survive acute massive pulmonary embolism in whom a second pulmonary embolism may be fatal and in patients with acute venous thromboembolism (in whom there are absolute contraindications to anticoagulation).
Bleeding is the main risk of warfarin. A 2003 metaanalysis quantified the risk of bleeding on oral anti-coagulants: for patients treated for three months or longer, the case-fatality rate of major bleeding was 9.1% and the rate of intracranial bleeding was 0.65 per 100 patient-years. 24 
Follow-up
Blind obedience
We at Manipal Medical College make use of resin models, charts, and clinical skills models to teach anatomy in addition to the routine lectures and cadaveric dissection. Before the dissection of the middle ear, I described its anatomy to the students, using a large resin model to help them understand.
I dismantled the pinna of the ear and asked the students to peep in through the external acoustic meatus to see the oval, pearly white, semi-transparent tympanic membrane. Each of them enthusiastically peeped into the model and agreed that they saw a pearly white, oval membrane.
However, when I opened the model to show them the ossicles in the middle ear I found, to my surprise, that the ossicles and tympanic membrane were missing from the model; the teacher who had used the model in the previous class had forgotten to replace them. I asked the students why they said they saw the tympanic membrane when it clearly wasn't there.
They replied, "You are our teacher, and if you said it was there, definitely it would be there." I told them, "I am proud and happy that you trust me and respect me, but you should not agree to everything without looking at it properly. You are going to become doctors soon. You should be inquisitive, observant, and honest."
After this, I am sure these students will not simply agree to something without seeing it properly. Now, every time I teach using models, I make sure all the parts are intact before I start the lesson. In fact, I might use this experience as a strategy to test if students are properly observant and inquisitive.
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Interactive case report
An alcoholic patient who continues to drink
This case was described on 7 and 14 January (BMJ 2006;332:33, 98). Debate on the patient's management continues on bmj.com (http://bmj.com/cgi/letters/332/7532/33#). On 4 February we will publish the case outcome together with commentaries on the issues raised by the management and online discussion from relevant experts and the patient.
